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METHODS AND APPARATUS FOR 
SUTURING TISSUE 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATION 

This application is a continuation-in-part of applicant’s 
prior patent application Ser. No. 08/366,285 ?led Dec. 29, 
1994 and entitled Methods and Apparatus for Suturing 
Tissue, the disclosure of which is incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention pertains to suturing of bodily tissue 

and, more particularly, to methods and apparatus for sutur 
ing tissue during endoscopic and open surgical procedures. 

2. Discussion of the Prior Art 
Suturing of bodily tissue is a time consuming part of most 

surgical procedures including both open surgery and endo 
scopic or minimally invasive surgery. By open surgery is 
meant surgery wherein the surgeon gains access to the 
surgical site via a relatively large incision, and by endo 
scopic surgery is meant surgery wherein the surgeon gains 
access to the surgical site via one or more portals through 
which endoscopes are introduced to view the surgical site 
and through which various instruments are introduced to the 
surgical site. There are many common endoscopic surgical 
procedures, including arthroscopy, laparoscopy 
(pelviscopy), gastroentroscopy and laryngobronchoscopy, 
for example. In the past, suturing has been accomplished 
with the use of a sharp metal suture needle attached to the 
end of a length of suture material, the suture needle being 
caused to penetrate and pass through the tissue pulling the 
suture material through the tissue. Once the suture material 
has been pulled through the tissue, the surgeon ties a knot in 
the suture material, the knotting procedure allowing the 
surgeon to adjust the tension on the suture material to 
accommodate the particular tissue being sutured and control 
approximation, occlusion, attachment or other conditions of 
the tissue. The ability to control tension is extremely impor 
tant to the surgeon regardless of the type of surgical proce 
dure being performed; however, knotting of the suture 
material is time consuming and tedious work, particularly in 
microsurgery and endoscopic surgery. In microsurgery, 
suturing is necessarily time consuming due to the limited 
space at the suture site, the small size of the suture needle 
and the suture material and the concomitant di?icult 
manipulation required to pass the suture needle through the 
tissue and to tie a knot in the suture material. With respect 
to endoscopic surgery, suturing and tying knots represents an 
even more time consuming procedure due to the di?icult 
maneuvers required. Accordingly, while endoscopic surgery 
would be preferred for most procedures, the advantages can 
be outweighed by the disadvantages caused by the length of 
time required to complete the endoscopic surgical 
procedure. which time is greatly extended due to the time 
required for suturing. It is extremely important for knotting 
or tying of sutures to be consistently performed to provide 
a stitch with controlled, non-slipping, tension; and, to this 
end, it is common for surgeons to tie double knots, that is, 
a ?rst knot to control tension and a second knot to secure the 
?rst knot. Accordingly, it will be appreciated that there is a 
great need for improving the tying procedure involved in 
suturing to permit expedited knotting while also providing 
consistent, secure knots. 
There have been many attempts to provide devices to take 

the place of conventional suturing with a suture needle and 
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2 
a length of suture material; however, such devices have 
essentially been staples, clips or clamps not facilitating 
adjustment of tension by the surgeon. French Patent No. 
2,651,113 to Alain and U.S. Pat. No. 3,123,077 to Alcamo, 
U.S. Pat. No. 3,570,497 to Lemole, U.S. Pat. No. 4,548,202 
to Duncan, U.S. Pat. No. 4,592355 to Antebi, U.S. Pat No. 
4,730,615 to Sutherland et al, U.S. Pat. No. 4,935,028 to 
Drews, U.S. Pat. No. 4,950,285 to Wilk. U.S. Pat. No. 
4,955,913 to Robinson and U.S. Pat. No. 5,123,913 to Wilk 
are representative of devices for use during open surgery to 
adjustably hold tissue together similar to suturing and tying 
but fail to provide the same feel and tension control as tying 
or knotting a length of suture material. U.S. Pat. No. 
3,910,281 to Kletschka et a1 is representative of suture 
anchors for facilitating tying. U.S. Pat. No. 2,075,508 to 
Davidson, U.S. Pat. No. 2,199,025 to Conn and U.S. Pat 
No. 3,664,345 to Dabbs et al are illustrative of suture buttons 
for retaining sutures. U.S. Pat No. 3,976,079 to Samuels et 
al and U.S. Pat. No. 4,291,698 to Fuchs, deceased, et al, are 
representative of suture buttons having structure for clamp 
ing suture material. U.S. Pat. No. 4.750,492 to Jacobs 
discloses apparatus and method for suturing utilizing both an 
anchor and a clenching device. 

Endoscopic surgery is preferred over open surgery due to 
the greatly reduced trauma and wound healing time for the 
patient and due to concomitant cost savings associated with 
shorter hospital stays and performing surgery in non 
hospital or out-patient surgery sites. Accordingly, there has 
been much eifort spent to develop techniques for facilitating 
the suturing normally performed by use of a suture needle 
and a length of suture material. Alternative techniques 
proposed have included electrical coagulation, mechanical 
devices such as clips, clamps and staples, and lasers; 
however, no alternative technique has yet been well 
accepted by surgeons to produce the results obtained by 
suturing and tying. Thus, there is a great need for suturing 
techniques useful in endoscopic surgery to permit surgeons 
to suture with controlled tension and approximation of tissue 
similar to that obtained by conventional knot tying. 

U.S. Pat. No. 3,541,591 to Hoegerman, U.S. Pat. No. 
3,753,438 to Wood et al, and U.S. Pat. No. 3,775,825 to 
Wood et al disclose apparatus and methods for suturing 
wherein clips are secured on the free ends of a suture 
?lament U.S. Pat. No. 5,078,731 to Hayhurst, U.S. Pat. No. 
5,160,339 to Chen et al, U.S. Pat. No. 5,171,251 to Bregen 
et al, U.S. Pat No. 5,234,449 to Bruker ct al, U.S. Pat. No. 
5,181,832 to Toso et al and U.S. Pat. No. 5,330,442 to Green 
et al are representative of clips for clamping suture material 
to eliminate lmotting during endoscopic procedures. Euro 
pean Patent Publication No. 0.477.020A to Chen et a1 and 
U.S. Pat. No. 5,015,250 to Foster, U.S. Pat. No. 5,037,433 
to Wrlk et al, U.S. Pat No. 5,059,201 to Asnis, U.S. Pat. No. 
5,084,058 to Li, U.S. Pat. No. 5,087,263 to Li, U.S. Pat. No. 
5,100,415 to Hayhurst, U.S. Pat. No. 5,100,421 to 
Christoudias, U.S. Pat. No. 5,144,961 to Chen, U.S. Pat. No. 
5,147,373 to Ferzli, U.S. Pat. No. 5,152,769 to Baber and 
U.S. Pat. No. 5,163,946 to Li are representative of needle 
holders and apparatus for suturing, knotting or ligating 
during endoscopic procedures. The above techniques and 
instruments have the disadvantages of requiring complex 
instruments, of requiring special suture devices, of being 
di?icult to manipulate and/or of not su?iciently reducing the 
time required for suturing and tying or knotting. 

U.S. Pat. No. 4,932,962, U.S. Pat No. 4,981,149, U.S. 
Pat. No. 5,074,874 and U.S. Pat. No. 5,100,418 to Yoon et 
al and U.S. Pat. No. 4,935,027, U.S. Pat. No. 5.053 .047, U.S. 
Pat. No. 5,222,076, U.S. Pat. No. 5,330,503 and U.S. Pat. 
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No. 5,336,459 to Yoon disclose methods and apparatus 
particularly useful for suturing during endoscopic proce 
dures to permit tissue approximation with controlled ten 
sion. 

SUMMARY OF THE INVENTION 

Accordingly, it is a primary object of the present invention 
to provide apparatus and methods for suturing anatomical or 
bodily tissue in a time efficient, consistent and precise 
manner. 

Another object of the present invention is to utilize a 
single, plastically deformable knotting element to form a 
knot between opposite ends of a stitch of ?rst and second 
length portions of ?lamentous suture material forming a 
contractible loop and, further, to use a plurality of such 
knotting elements with ?rst and second length portions of 
?lamentous suture material forming a plurality of contract 
ible loops to form a plurality of stitches in tissue in an 
expeditious manner. 
A further object of the present invention is to suture 

anatomical tissue utilizing a sutming apparatus including a 
needle, ?rst and second length portions of ?lamentous suture 
material extending from the needle and at least one knotting 
element connected between ?rst segments of the ?rst and 
second length portions to form a loop with the suture 
material extending from the needle to the knotting element 
and back to the needle, each knotting element having a 
grasping site including opposed surfaces having a ?rst 
position for receiving second segments of the ?rst and 
second length portions and a second position to grasp the 
second segments to effect a knot to form a suture stitch in the 
anatomical tissue after the needle has been passed through 
the loop, the suture material has been tensioned to contract 
the loop and the second segments have been received 
between the opposed sln‘faces. 
The present invention has another object in that a plurality 

of knotting elements are arranged in series along ?rst and 
second length portions of suture material to form contract 
ible loops between two knotting elements, each of the 
knotting elements including at least one site for engaging 
?rst segments of the ?rst and second length portions and at 
least one site for engaging second segments of the ?rst and 
second length portions. 
An additional object of the present invention is to secure 

a plurality of knotting elements at spaced positions along 
?rst and second length portions of ?lamentous suture mate 
rial to de?ne contractible loop stitch segments between two 
knotting elements with the knotting elements acting as knots 
for the contractible loop stitch segments when the contract 
ible loop stitch segments are passed through or around 
anatomical tissue and segments of the ?rst and second length 
portions are passed through the contractible loops and back 
to the knotting elements. 

It is also an object of the present invention to suture 
anatomical tissue utilizing a suture supply having at least 
one ?rst length portion and at least one second length portion 
of ?lamentous suture material and at least one knotting 
element connected between segments of the ?rst and second 
length portions to form a contractible loop with the knotting 
element having at least one grasping site for grasping other 
segments of the ?rst and second length portions to tie a stitch 
formed when the other segments are passed through the loop 
and positioned between opposed surfaces of the knotting 
element 
The present invention has as an additional object to suture 

anatomical tissue by penetrating the tissue with a needle 
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4 
from an entry point to an exit point to pass ?rst and second 
length portions of ?lamentous suture material through the 
tissue, passing segments of the ?rst and second length 
portions exiting the tissue at the exit point through a con 
tractible loop formed by the ?rst and second length portions 
and a knotting element connecting other segments of the ?rst 
and second length portions to form a stitch segment extend 
ing from the knotting element through the tissue and back to 
the knotting element, positioning the segments passed 
through the loop to be received by the knotting element and 
plastically deforming the knotting element to grasp the 
segments received therein. 

It is a further object of the present invention to form a 
stitch in anatomical tissue by positioning ?rst and second 
length portions of ?lamentous suture material connected by 
a knotting element around the tissue, passing segments of 
the ?rst and second length portions through a loop formed by 
the ?rst and second length portions and the lmotting element 
to form a stitch extending from the knotiing element around 
the tissue and back to the knotting element, contracting the 
loop and positioning the segments to be engaged by the 
knotting element 
Some of the advantages of the present invention are that 

segments of the ?rst and second length portions are con?ned 
by the contractible loop for enhanced ease of suturing and 
greater control, positioning segments of the ?rst and second 
length portions at the grasping site is facilitated by con?ne 
ment of the suture material length portions by the loop, 
segments of the ?rst and second length portions can be 
positioned at the grasping site concomitant with contracture 
of the loop the suture stitch formed thereby is of increased 
strength, a single suttn'e supply can be used for suturing with 
penetration through the tissue or for ligation, controlled 
tissue approximation can be achieved to provide a “feel” 
similar to suturing with knot tying in an expeditious manner 
for use in open or endoscopic procedures, the variety of 
surgical procedures that can be performed endoscopically 
without increasing the time required for suturing is 
expanded, suturing can be accomplished using standard 
?lamentous suture materials, sutm'ing can be accomplished 
using standard, available instruments or specially designed 
instruments of simple construction allowing the instruments 
to be disposable or easily sterilizable for reuse, a plurality of 
stitches can be formed without having to withdraw instru 
ments from the body after completion of each stitch as is 
particularly advantageous for endoscopic use, the size of the 
stitch segments can be selectively adjusted during use, 
enhanced securement of sutln'e stitches is realized to ensure 
that completed stitches remain intact, the knotting elements 
can be optimally oriented to engage the suture material for 
certain procedures and the amount of space required for 
suturing is minimized 
These and other objects, advantages and bene?ts are 

realized with the present invention as generally character 
ized in a sutlning apparatus including ?rst and second length 
portions of ?lamentous suture material having ends received 
by a needle and a knotting element connected with ?rst 
segments of the ?rst and second length portions to form a 
loop with the suture material extending from the needle to 
the knotting element and back to the needle. The loop is 
contractible to con?ne therein second segments of the ?rst 
and second length portions after the needle has been passed 
through the loop. The knotting element has a grasping site 
including a pair of opposed surfaces for grasping the second 
segments, the opposed surfaces being movable to non 
releasably grasp the second segments to effect a knot after 
the needle has been passed through the loop and the suture 
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material received between the opposed surfaces. The present 
invention is further generally characterized in a suture 
supply including ?rst and second length portions of ?la 
mentous suture material and a plurality of knotting elements 
arranged in series along the ?rst and second length portions 
and each connected between a ?rst segment of the ?rst 
length portion and a ?rst segment of the second length 
portion to ion a contractible loop between two knotting 
elements. Each knotting element has a grasping site for 
grasping a second segment of the ?rst length portion and a 
second segment of the second length portion to act as a lmot 
for stitch segments de?ned between the ?rst and second 
segments. The present invention is additionally generally 
characterized in a suture supply including at least one ?rst 
length portion and at least one second length portion of 
?lamentous suture material and at least one knotting element 
connected between the ?rst and second length portions to 
form at least one contractible loop, the knotting element 
having at least one attachment site at which segments of the 
?rst and second length portions are secured to the knotting 
element and at least one grasping site including opposed 
surfaces for grasping other segments of the ?rst and second 
length portions to tie a stitch formed when the other seg 
ments are passed through the loop and positioned between 
the opposed surfaces of the knotting element. The present 
invention is also generally characterized in a method of 
suturing anatomical tissue comprising the steps of penetrat 
ing the tissue with a needle from an entry point to an exit 
point to pass ?rst and second length portions of ?lamentous 
suture material through the tissue, passing segments of the 
?rst and second length portions exiting the tissue at the exit 
point through a contractible loop formed by the ?rst and 
second length portions and a knotting element connecting 
other segments of the ?rst and second length portions to 
form a stitch extending from the knotting element through 
the tissue and back to the knotting element, positioning the 
segments passed through the loop to be received by the 
knotting element, contracting the loop to tighten the stitch 
and plastically deforming the knotting element to grasp the 
segments received therein. 

BRlEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a suturing apparatus 
according to the present invention. 

FIG. 2 is a broken side view, partly in section, of a 
knotting element for the suturing apparatus according to the 
present invention. 

FIGS. 3, 4, 5 and 6 are broken side views, partly in 
section, illustrating use of the suturing apparatus according 
to the present invention. 

FIGS. 7 and 8 are broken side views, partly in section, 
illustrating alternative use of the suturing apparatus accord 
ing to the present invention. 

FIG. 9 is a broken side view of a modi?cation of a needle 
for use in the suturing apparatus according to the present 
invention. 

FIG. 10 is a broken side view showing an alternative 
arrangement for securing the length portions of suture 
material to the needle of FIG. 9. 

FIG. 10A is a broken side view showing an alternative 
arrangement for securing the length portions of suture 
material to the needle of FIG. 1. 

FIG. 11 is a broken side view of another modi?cation of 
a needle for use in the suturing apparatus according to the 
present invention. 

FIG. 11A is a broken side view of still another modi? 
cation of a needle for use in the suturing apparatus according 
to the present invention. 
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6 
FIG. 12 is a broken side view of a further modi?cation of 

a needle for use in the suturing apparatus according to the 
present invention and illustrating another arrangement for 
securing the length portions of suture material to the needle. 

FIG. 12A is a broken side view of yet a further modi? 
cation of a needle for use in the suturing apparatus according 
to the present invention. 

FIG. 13 is a broken side view, partly in section, of a 
modi?cation of a knotting element for use in the suturing 
apparatus according to the present invention. 

FIG. 14 is a broken perspective View illustrating use of the 
knotting element of FIG. 13. 

FIG. 15 is a broken side view of a modi?cation of a 
suturing apparatus according to the present invention. 

FIG. 16 is a broken side view of the knotting element of 
the suturing apparatus of FIG. 15. 

FIG. 17 is a broken side view of another modi?cation of 
a suturing apparatus according to the present invention. 

FIG. 18 is a broken side view of the knotting element of 
the suturing apparatus of FIG. 17. 

FIG. 19 is a broken side view of a further modi?cation of 
a suturing apparatus according to the present invention. ' 

FIG. 20 is a broken side view of the knotting element of 
the suturing apparatus of FIG. 19. 

FIG. 21 is a broken perspective view, partly in section, 
illustrating use of an alternative suture supply according to 
the present invention. 

FIG. 22 is a broken perspective view illustrating use of the 
suture supply of FIG. 21 to form a completed ligature. 

DESCRIPTION OF THE PREFERRED 
EMBODHVIENTS 

A suturing apparatus in accordance with the present 
invention is shown in FIG. 1 and includes ?rst and second 
length portions 18a and 18b of ?lamentous suture material 
18 extending between a needle 10 and a knotting element 20. 
Suture material length portions 18a and 18b can be de?ned 
by separate, discrete lengths of suture material having proxi 
mal ends coupled with knotting element 20 without passing 
entirely through the knotting element 20, which thusly 
serves to connect the length portions, and distal ends 
coupled with needle 10 or by a single length of suture 
material 18 passing through knotting element 20 and extend 
ing therefrom to terminate at distal ends 46a and 46b as 
shown in FIGS. 1 and 2. Ends 46a and 46b are secured to or 
attached or coupled with needle 10 having a sharp distal tip 
14 for penetrating anatomical tissue, the ends 46a and 46b 
being secured to a proximal end of needle 10. Accordingly, 
the length of suture material 18 extends from the needle 10 
through the knotting element 20 and back to the needle 10 
to form a contractible loop or passage 21 de?ned by length 
portions 18a and 18b and knotting element 20. 
The suture material can be made of non-stretchable or 

stretchable, absorbable or non-absorbable materials, and the 
suture material can have various outer diameter or cross 
sectional sizes in accordance with procedural use including 
sizes suitable for use in microsurgical procedures. The 
suture material can be solid or hollow; and, where hollow, 
small holes can be formed in the wall of the suture material 
to communicate with the hollow interior thereof. Various 
substances, such as medicarnents, can be supplied within the 
hollow interior of the suture material to leach out through the 
holes and enter tissue in which the suture material is placed 
The suture material length portions 18a and 18b can have a 
length between needle 10 and knotting element 20 depen 
dent upon the type of stitch to be performed. 
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Needle 10 can have various con?gurations such as curved 
as shown in FIG. 1, straight, circular, coiled or spiraled or 
the like and can be made of non-absorbable or absorbable 
materials. The suture material length portions 18a and 18b 
can be secured or attached to or coupled with needle 10 in 
many various ways including being secured in a blind hole 
in the needle, being fused, bonded, welded or molded with 
the needle or passing partly or entirely through the needle. 
The suture material length portions can be secured to or 
coupled with the needle anywhere along the body of the 
needle. 

Knotting element 20 is best shown in FIG. 2 and has one 
or more attachment sites for receiving ?rst segments of the 
suture material length portions 18a and 18b, respectively, 
prior to suturing and one or more grasping sites for engaging 
second segments of the suture material length portions 18a 
and 18b, respectively, after suturing to form a stitch. Knot 
ting element 20 is formed of a substantially spherical body 
22 of a medical grade, absorbable or non-absorbable, plas 
tically deformable or malleable material, integrally and 
unitarily de?ning an attachment site 24 and a grasping site 
26. The attachment site 24 includes a bore or passage 28 in 
body 22 with the suture material 18 passing through the bore 
28 such that the knotting element is carried by the suture 
material with proximal ends or segments of the suture 
material length portions 18a and 18b, respectively, con 
nected with the knotting element. Body 22 is formed to 
de?ne legs, jaws or opposing portions 38 and 40 terminating 
at distal ends and carrying opposed surfaces 30 and 32, 
respectively, provided with gripping and/or locking structure 
such as teeth 42. The knotting element 20 is normally 
disposed in an open or suture material-receiving position 
wherein the distal ends of jaws 38 and 40, respectively, are 
spaced from one another to de?ne an opening or mouth 17 
therebetween, and the inner opposed surfaces 30 and 32 
de?ne a grasping site for engaging respective second seg 
ments of the suture material length portions 18a and 18b as 
explained further below. The knotting element can be pro 
vided with more than one grasping site, and the one or more 
grasping sites can be located anywhere along the knotting 
element. 
As shown in FIG. 2, bore 28 follows a U-shaped path 

through knotting element 20 and has substantially straight 
bore segments joined by a curved bore segment; however, 
the bore 28 can follow various straight, angular and/or 
curved paths through the knotting element, and the one or 
more attachment sites can be located anywhere along the 
knotting element. The straight bore segments extend through 
the jaws 38 and 40 on opposite sides of mouth 17 such that 
mouth 17 opens into or faces loop 21 between suture 
material length portions 18a and 18b. Although loop 21 is 
shown in FIG. 1 in an open position de?ning an actual space 
between suture material length portions 18a and 18b, which 
are spaced from one another, it should be appreciated that 
suture material length portions 18a and 18b will be disposed 
adjacent one another during use when passed together 
through tissue and/or tensioned to form a stitch as described 
further below. Although bore 28 for lmotting element 20 
de?nes a single, unitary and integral attachment site for both 
suture material length portions 18a and 18b, it should be 
appreciated that separate and discrete attachment sites can 
be provided for the respective length portions, which are 
connected by the knotting element to form the contractible 
loop. For example, where the suture material length portions 
are formed by separate lengths of suture material, the 
separate lengths of suture material can have the proximal 
ends thereof attached to knotting element 20 at separate 
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attachment sites such as being received in separate bores or 
holes 29a and 29b in the lmotting element as shown in dotted 
lines in FIG. 2. The knotting element 20 can be slidable 
relative to the suture material or ?xed along the suture 
material as disclosed in the prior application. Various knot 
ting elements suitable for use in the present invention are 
disclosed in the prior application including knotting ele 
ments having tails formed by the suture material extending 
therefrom and various locking and/or gripping structure. The 
knotting element 20 can be moved to the closed position and 
plastically deformed as disclosed in the prior application 
with the use of conventional instruments including graspers, 
clamps, forceps or the like. 

FIGS. 3-6 illustrate use of the suturing apparatus of FIG. 
1 during which the needle 10 can be manipulated by a needle 
holder or driver, and the knotting element 20 can be manipu 
lated and/or moved to the closed position by a grasping 
instrument as disclosed in the prior application. To suture 
tissue portions T1 and T2, the needle 10 is driven, tip ?rst, 
distally or forwardly through an entry point 41 in tissue 
portion T1 and then through tissue portion T2 and out of 
tissue portion T2 at an exit point 43 pulling the double 
?lament de?ned by suture material length portions 18a and 
18b through the tissue portions as shown in FIGS. 3 and 4. 
Once needle 10 has passed through tissue portion T2, the 
needle is passed through the contractible loop 21 as shown 
in FIG. 4, and the length portions are pulled to contract, 
tighten or close loop 21 until the knotting element 20 
contacts tissue portion T1 at the entry point 41. Accordingly, 
segments 49a and 49b of suture material length portions 18a 
and 18b, respectively, extending ?'om the exit point 43 will 
be drawn back over the tissue portions T1 and T2 to the entry 
point 41 and will be con?ned, held, clamped or gripped by 
the thusly tightened loop 21. The segments 49a and 49b 
passing through loop 21 are positioned to be engaged by the 
knotting element 20 to be received between jaws 38 and 40 
such that a stitch is formed extending from the knotting 
element through the tissue and back to the knotting element 
with the lmotting element e?’ecting or serving as a knot for 
the suture stitch. By pulling the suture material to contract, 
tighten or close loop 21, the suture material segments 49a 
and 49b can be caused to enter the mouth 17 due to 
con?nement of the suture material by the loop to thusly 
facilitate positioning of the suture material to be received by 
the knotting element. Once the knotting element 20 has been 
drawn up against the tissue and segments 49a and 49b have 
been brought back over the tissue and passed through loop 
21 to be received by the knotting element, tension is applied 
to the suture material to tighten the suture stitch to adjustably 
approximate tissue portions T1 and T2 as shown in FIG. 6. 
Thereafter, knotting element 20 is plastically deformed to 
the closed position utilizing the grasping instrument to 
squeeze jaws 38 and 40 to clamp the jaws together to grip 
the suture material segments and secure the thusly formed 
tensioned suture to complete the stitch. The suture material 
length portions are then cut to remove any excess material, 
and the excess suture material and the needle are removed 
from the body. Although the suturing procedure has been 
described for two tissue portions T1 and T2, it should be 
appreciated that the procedure is applicable to suturing of 
various tissue structures including single and multiple tissue 
structures, puncture sites and wound closures and ligation, 
for example. With the use of length portions 18a and 18b, 
suturing is enhanced in that segments of the suture material 
length portions are con?ned by the contractible loop and 
clamped thereby after the loop is tightened. Additionally, the 
segments can be positioned to be received at the grasping 
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site in response to or simultaneous with contracture of the 
loop to simplify and reduce the steps required for suturing. 

FIGS. 7 and 8 illustrate alternative use of the suturing 
apparatus of FIG. 1 wherein the segments 49a and 49b are 
passed through the loop 21, and the suture material length 
portions 18a and 18b are pulled in a direction to contract 
loop 21 and cause the segments 49a and 49b to enter the 
mouth 17 and form a stitch extending from the knotting 
element through the tissue portions T1 and T2 and back to 
the knotting element, which is positioned between the tissue 
portions. Continued pulling of length portions 18a and 18b 
causes the stitch to be adjustably tensioned or tightened to 
approximate tissue portions T1 and T2 with the knotting 
element 20 disposed along the interface of tissue portions T1 
and T2 as shown in FIG. 8. The knotting element is then 
moved to the closed position and plastically deformed 
causing jaws 38 and 40 to grip the suture material segments 
therebetween and secure the thusly formed tensioned suture 
to complete the stitch. 

It should be appreciated that by orienting the grasping site 
26 of the knotting element to open into or face the loop 21, 
the segments 49a and 4% can be positioned at the grasping 
site concomitant with contracture of the loop 21; however, 
the knotting element can be oriented in many various ways 
with the grasping site 26 facing into the loop or away from 
the loop in accordance with procedural use. Although the 
suture material segments have been described above as 
being passed through the loop 21 ?‘om a ?rst side of the loop 
to a second side thereof, it should be appreciated that the 
suture material segments can be passed through the loop 
from the second side to the ?rst side thereof and that the 
suture material segments can be passed multiple times 
through the loop. It should also be appreciated that the 
knotting element can be positioned at the entry point or at 
any other location along the tissue being sutured. 
A modi?cation of a needle for the suturing apparatus 

according to the present invention is illustrated in FIG. 9 and 
includes a straight needle 110 having an angled distal tip 114 
for penetrating tissue with ends 146a and 146b of suture 
material length portions 118a and 118b, respectively, 
secured to a proximal end of needle 110. 

FIG. 10 illustrates needle 110 having ends 1460 and 14612, 
respectively, secured thereto at an intermediate position 
between distal tip 114 and the proximal end of the needle. 
FIG. 10a illustrates curved needle 10 having ends 46a and 
46b of suture material length portions 18a and 18b secured 
thereto adjacent distal tip 14. 

FIG. 11 illustrates a straight needle 210 having an angled 
or beveled distal tip 214 and an angled or beveled proximal 
tip 214' for penetrating tissue with ends 246a and 246k of 
suture material length portions 218a and 218b, respectively, 
attached to the needle 210 mid-way between the distal and 
proximal tips. FIG. 11a illustrates an arrangement similar to 
that shown in FIG. 11 except that the needle includes a 
curved needle 310 having a sharp distal tip 314 and a sharp 
proximal tip 314' for penetrating tissue. Needles 210 and 310 
are particularly advantageous for use in procedures where 
the distal tip is used to penetrate forwardly through the 
tissue, and the proximal tip is used to penetrate rearwardly 
through the tissue as disclosed in the prior application. 

FIG. 12 illustrates a straight needle 410 that is hollow and 
has a sharp distal tip 414 and a sharp proximal tip 414' for 
penetrating tissue with the segments 446a and 44612 of 
suture material length portions 418a and 418b passing 
entirely through the hollow needle. FIG. 12a illustrates an 
arrangement similar to that shown in FIG. 12 except that the 
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needle includes a curved needle 510. Various procedures in 
which hollow needles are particularly useful are disclosed in 
the prior application. 

FIG. 13 illustrates an alternative knotting element 120, 
similar to knotting element 20, except that knotting element 
120 has an oval con?guration in cross-section and is spring 
biased to be normally disposed in a closed position wherein 
there is little or no space between opposed surfaces 130 and 
132. Knotting element 120 is movable to an open or suture 
material-receiving portion to receive segments of the ?rst 
and second length portions with the use of suitable instru 
ments to move jaws 138 and 140 away from one another or 
by forcibly inserting the segments between the opposed 
surfaces of the jaws. FIG. 14 illustrates segments 149a and 
149b of suture material length portions 118a and 118b 
passing through the loop 121 between length portions 118a 
and 118b to be received by the grasping site 126 of knotting 
element 120. Various spring-loaded or spring biased knot 
ting elements suitable for use in the subject invention are 
disclosed in the prior application. 

FIG. 15 illustrates a modi?cation of a suturing apparatus 
including a suture supply and a needle 610. The suture 
supply includes two lengths of ?lamentous suture material 
618a and 6181) together carrying at least one knotting 
element 620, a plurality of knotting elements 620 being 
shown. Knotting element 620 is best shown in FIG. 16 and 
includes bores 628a and 628k extending lengthwise through 
jaws 638 and 640, respectively, allowing passage through 
the lmotting element by the lengths of suture material 618a 
and 6182;, respectively. Accordingly, the lengths of suture 
material 618a and 618b de?ne suture material length por 
tions 618a and 61819 between adjacent knotting elements and 
between the distalmost knotting element 620 and the needle 
610. It should be appreciated that length portions 618a and 
618b can both pass through the same bore in the knotting 
element such as a centrally located bore 628' aligned with 
mouth 617 as shown in dotted lines in FIG. 16. The needle 
610 is hollow allowing passage therethrough by the ends 
646a and 646b of the lengths of suture material 6180 and 
618b, respectively, and the ends 646a and 646b can be 
secured in a notch 678 in the needle 610 as disclosed in the 
prior application. The needle 610 has a slot 647 extending 
the entire length thereof allowing movement of knotting 
elements 620 along the needle as disclosed in the prior 
application. With the lengths of suture material 618a and 
618k coupled to the needle 610, contractible loops 621 are 
de?ned between adjacent knotting elements and between the 
distalmost knotting element 620' and the proximal end of 
needle 610. The number of loops 621 provided can corre 
spond to the number of stitches expected to be made such 
that the loops de?ne contractible loop stitch segments or can 
be essentially inde?nite by utilizing a package, such as a 
spool. The length of the contractible loop stitch segments 
can vary in accordance with the type of stitch to be per 
formed and can be adjustable by arranging the knotting 
elements 620 to be slidably carried by the lengths of suture 
material 618a and 618b as illustrated in FIG. 16 and as 
disclosed in the prior application. Bores 128a and 128b can 
follow any desirable straight or non-straight angular or 
curved path through the knotting elements 620 to form 
attachment sites 624a and 62412 for the lengths of suture 
material, and the con?guration of the paths can be selected 
to immovable ?x the position of the knotting elements where 
desired. 

Knotting elements 620, as best shown in FIG. 16. are 
similar to lmotting element 20 and include a spherical body 
622 with a grasping site 626 de?ned between opposed 
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surfaces 630 and 632 of jaws 638 and 640, respectively. Jaw 
640 terminates at a locking protrusion 639, and jaw 638 
terminates at a locking lip 641 having a con?guration 
complimentary to the con?guration of protrusion 639 
whereby the jaws can be locked together as well as being 
plastically deformed to grasp the suture material. Opposed 
surfaces 630 and 632 are provided with knurled protrusions, 
and a groove 644 extends longitudinally along opposed 
surface 632 for receiving a protruding tongue (not shown) 
on opposed surface 630 when the jaws 638 and 640 are 
moved to the closed position as disclosed in the prior 
application. 
Where the suture supply includes a single knotting ele 

ment 620, the suture supply can be combined with a needle, 
such as the hollow needle 610, to form a suturing apparatus 
for use in forming a single suture stitch in the manner 
previously described for the suturing apparatus of FIG. 1, 
the needle 610 being separable from the lengths of suture 
material by manipulating the needle 610 to cause the suture 
material length portions to pass through the slot 647. 
Additionally, the suturing apparatus can be used as described 
in the prior application by driving the distal end 614 of the 
needle 610 distally through an entry point to pass through 
one or more tissue portions to exit the tissue at an exit point. 
Once the ends 646a and 646b have passed through the 
tissue, the needle is moved proximally causing the double 
?lament of suture material to pass through slot 647 and is 
withdrawn or backed out proximally from the tissue leaving 
the suture material in place. Segments of the suture material 
length portions exiting the tissue are passed through the 
distalmost loop 621' and are pulled to contract the loop 621' 
and position the segments in engagement with knotting 
element 620'. Depending on the orientation of the grasping 
site, the suture material segments can be positioned to be 
received by the grasping site concomitant with contractnre 
of the loop. The suture material length portions are pulled to 
tension the suture stitch, and the knotting element is closed 
and plastically deformed for additional securement of the 
thusly formed suture. Any excess suture material is cut, and 
the needle and any excess suture material are removed from 
the body. 
Where the suture supply includes a plurality of knotting 

elements as shown in FIG. 15, the suturing apparatus formed 
by the suture supply and the needle 610 can be used in the 
manner described in the prior application to form a plurality 
of suture stitches. For example, the needle 610 is driven 
forwardly or distally through tissue from an entry point to 
pull the suture material length portions 618a and 618k 
through the tissue along with the needle to exit the tissue at 
an exit point, and the needle can be driven with a suturing 
instrument as disclosed in the prior application. Once the 
ends 646a and 646b of the suture material length portions 
618a and 618k have exited the tissue, an instrument is 
utilized to grasp the ends 646a and 646b adjacent the exit 
point. The ends 646a and 646b are removed from the notch, 
and the needle is moved proximally or backed out through 
the tissue along the length portions of the suture material to 
exit the tissue at the entry point while the suture material 
length portions are held by the instrument. The needle is 
moved proximally along the suture material length portions 
until the distal end of the needle is positioned just proxirnally 
of the distalmost knotting element 620'. The instrument is 
then manipulated to pass the segments of the suture material 
length portions extending from the exit point through the 
distalmost loop 621'. The suture material length portions are 
pulled to contract loop 621', and the suture material seg 
ments are positioned to be received by the grasping site to 
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effect a knot for a stitch segment formed between the ends 
of the suture material length portions and the distalmost 
knotting element to form a ?rst stitch. The suture material 
length portions are pulled to tension or tighten the suture 
stitch to adjustably approximate the tissue, and the knotting 
element is closed by plastically deforming the jaws to secure 
the thusly tightened suture stitch. Once tying has been 
completed by deforming the knotting element to grasp the 
suture material, the needle 610 is angled relative to the 
suture material to cause new segments of the suture material 
length portions adjacent the distal end 614 to enter the notch 
to be held thereby, and the suture material length portions 
are cut or severed proximally of the knotting element 620' to 
separate the thusly formed tightened suture stitch from the 
suture material held by the needle. Once the stitch has been 
completed, the suturing apparatus is ready to be used to form 
a second stitch without requiring removal of the suturing 
apparatus from the body in that the new segments of suture 
material secured in the notch de?ne new ends and the next 
knotting element de?nes a new distalmost knotting element 
ready for use to tie the second stitch. 

Another modi?cation of a suture supply is disclosed in 
FIG. 17 and is similar to that shown in FIG. 15 except that 
the knotting elements 720 for the suture supply of FIG. 17 
are spring-loaded, the suture supply of FIG. 17 being shown 
coupled with needle 610. Knotting elements 720, as best 
shown in FIG. 18, have bores 728a and 72% allowing 
passage therethrough by lengths of suture material 618a and 
61812, respectively, and are similar to knotting element 20 
except that knotting elements 720 are spring-loaded to be 
biased to a closed position wherein opposed surfaces 730 
and 732 are disposed adjacent or in contact with one another. 
As disclosed in the prior application, knotting element 720 
can be manually moved to an open position with the use of 
a suitable instrument, such as forceps, to spread or move 
jaws 738 and 740 away from one another to permit segments 
of suture material to be received by the grasping site; or, 
alternatively, the suture material segments can be forcibly 
inserted or slid between the jaws 738 and 740. 

Another modi?cation of a suturing apparatus including a 
suture supply and a needle is shown in FIG. 19 wherein the 
suturing apparatus is similar to that shown in FIG. 15 except 
that the suturing apparatus of FIG. 19 includes coiled 
knotting elements 820. Knotting elements 820 are arranged 
in series along ?rst and second length portions 618a and 
618b having ends 646a and 646b passing through needle 
610. Knotting elements 820 each include a coiled member or 
body 822 made up of a plurality of coils or loops having a 
helical, cylindrical or spiral con?guration and made of any 
suitable absorbable or non-absorbable material. Body 822 is 
normally disposed in a ?rst position wherein the body is 
collapsed or closed with the coils or loops thereof adjacent 
or in contact with one another as shown in FIG. 19. 
Protrusions 823 extend in the same direction from one side 
of the outermost coils; and, dining use, the protrusions 823 
are compressed in the direction of the arrows as shown in 
FIG. 20 causing the outermost coils or loops to pivot or 
rotate about an adjacent inner coil to be spread apart at the 
opposite side of the body in a second position therefor. With 
the coils or loops spread apart, segments 649a and 64912 of 
length portions 618a and 618b can be passed through loop 
621 and through two spaced coils to be received by the 
grasping site of the knotting element, the two coils de?ning 
opposed surfaces for receiving the segments therebetween. 
Upon removal of the compressive force on knotting element 
820, the knotting element will return to the ?rst position with 
segments 649a and 64% gripped by the opposed surfaces of 
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the two coils. Depending on the materials and/or structure of 
the knotting element 820, the knotn'ng element can be 
plastically deformed to further secure the suture stitch. 

It should be appreciated that the length portions can be 
attached or connected to the knotting element 820 in many 
various ways as disclosed hereinabove and in the prior 
application such as passing through a central passage of the 
knotting element as shown in FIG. 20, passing through a 
bore in one or more of the coils of the knotting element, 
being wound or wrapped around the coils or being clamped 
by the coils in the ?rst position. for example. The knotting 
element 820 can be movable or ?xed along the length 
portions; and, where the length portions pass through a 
central passage of the knotting element, the central passage 
can be sized to frictionally retain the length portions. Where 
the length portions are attached to the knotting element by 
being clamped between the coils, the position of the knotting 
element can be adjusted when the lmotting element is moved 
to the second position. When the length portions are posi 
tioned between the coils to provide an attachment site or a 
grasping site. it should be appreciated that the length por 
tions can be positioned between multiple pairs of coils, and 
that the suture material can be wrapped around the knotting 
element. In addition to the coil or loop structure shown 
herein, it should be appreciated that various knotting ele 
ments normally disposed in a collapsed position and 
movable, such as by squeezing, to an open or expanded 
position can be utilized in the present invention. 

FIGS. 21 and 22 illustrate use of an alternative suture 
supply wherein the length portions 918a and 91% connected 
by knotting element 920 are positioned to encircle anatomi 
cal tissue portions T1 and T2 such that the length portions 
extend from the knotting element 920 around the tissue 
portions T1 and T2 and back to the knotting element without 
passing through the tissue portions. Segments 949a and 
94911 of the length portions are passed through loop 921 and 
positioned to be received by the grasping site of the knotting 
element 920, which is similar to lcnotting element 20. The 
length portions are tensioned to adjustably tighten the thusly 
formed ligature, and the knotting element is plastically 
deformed to secure the thusly formed tensioned ligature as 
shown in FIG. 22. 
The suture supply of FIG. 20 can include one or more 

knotting elements and can be used with a needle, which can 
be moved proximally to position the distal end thereof 
proximally of the distalrnost knotting element to engage new 
ends or segments of the next length portions for use in 
forming another ligature or stitch once the length portions 
have been cut proximally of the distalrnost knotting element 
620' as described above. 

The various suturing apparatus, suture supply, suturing 
instruments and methods of suturing disclosed in the prior 
application can include or be utilized with two or more 
length portions of ?lamentous suture material as disclosed 
herein. With the use of multiple length portions to form a 
contractible loop, segments of the length portions are con 
?ned within the loop for enhanced ease of suturing and 
greater control. When the loop is contracted, the segments 
will be clamped or gripped therein for enhanced securement. 
Positioning the suture material to be received by the grasp 
ing site of the knotting element is facilitated by con?nement 
of the segments by the loop. Additionally, the knotting 
elements can be oriented to allow positioning of the suture 
material at the grasping site concomitant with contracture of 
the loop. 

Inasmuch as the present invention is subject to many 
variations. modi?cations and changes in detail. it is intended 
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that all subject matter discussed above or shown in the 
accompanying drawings be interpreted as illustrative only 
and not be taken in a limiting sense. 
What is claimed is: 
l. A suturing apparatus comprising 
a needle having a sharp distal end for penetrating ana 

tomical tissue; 
?rst and second length portions of ?lamentous suture 

material having ends received by said needle; and 
a knotting element connected with ?rst segments of said 

?rst and second length portions to form a loop with said 
suture material extending from said needle to said 
knotn'ng element and back to said needle, said loop 
being contractible to con?ne therein second segments 
of said ?rst and second length portions after said needle 
has penetrated the anatomical tissue and said second 
segments have been passed through said loop, said 
knotting element having a grasping site including a pair 
of opposed surfaces for grasping said second segments 
therebetween, said knotting element having a ?rst 
position for receiving said second segments between 
said opposed surfaces, said opposed surfaces in said 
?rst position being spaced from one another to de?ne a 
mouth therebetween. said mouth facing into said loop 
to receive said second segments passed through said 
ligature loop, said k'notting element having a second 
position for non-releasably grasping said second seg 
ments between said opposed surfaces to etfect a knot 
after said needle has been passed through said loop and 
said suture material has been tensioned and received 
between said opposed surfaces. 

2. A suturing apparatus as recited in claim 1 wherein said 
ends of said ?rst and second length portions are secured to 
said needle adjacent said distal end. 

3. A suturing apparatus as recited in claim 1 wherein said 
needle has a proximal end and said ends of said ?rst and 
second length portions are secured to said proximal end of 
said needle. 

4. A suturing apparatus as recited in claim 1 wherein said 
needle has a proximal end and said ends of said ?rst and 
second length portions are secured to said needle at a 
position between said distal end and said proximal end of 
said needle. 

5. A suturing apparatus as recited in claim 1 wherein said 
needle has a proximal end longitudinally spaced from said 
distal end and a lumen passing longitudinally therethrough 
and said ?rst and second length portions pass through said 
lumen. 

6. A suturing apparatus as recited in claim 5 wherein said 
needle has a longitudinal slot extending between said proxi 
mal and distal ends whereby said lmotting element can move 
externally along said needle. 

7. A suturing apparatus as recited in claim 1 wherein said 
knotting element includes a pair of jaws de?ning said 
opposed surfaces and being biased to normally position said 
opposed surfaces in contact with each other. 

8. A suturing apparatus as recited in claim 1 wherein said 
suture material is stretchable. 

9. A suturing apparatus as recited in claim 1 wherein said 
knotting element includes a pair of laws de?ning said 
opposed surfaces, said jaws being normally in said ?rst 
position and being plastically deformable to said second 
position. 

10. A suturing apparatus as recited in claim 1 wherein said 
lmotting element includes locking structure for locking said 
knotting element in said second position. 

11. A suturing apparatus as recited in claim 1 wherein said 
?rst and second length portions are formed of a single length 
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of suture material extending from said needle and through 
said knotting element back to said needle. 

12. A suturing apparatus as recited in claim 1 wherein said 
?rst and second length portions are formed by separate 
lengths of suture material extending from said needle and 
terminating at said knotting element. 

13. A suture supply comprising 
?rst and second lengths of ?lamentous suture material; 
a plurality of knotting elements arranged in series along 

said ?rst and second lengths and each connected 
between said ?rst length and said second length to form 
a plurality of contractible loops with said suture 
material, each of said knotting elements having a 
grasping site for grasping a segment of said ?rst length 
and a segment of said second length to act as a knot for 
stitch segments de?ned between adjacent knotting 
elements, each of said grasping sites including an 
opening comprised of opposed surfaces spaced from 
one another de?ning a mouth therebetween, said mouth 
facing into one of said loops for receiving said seg 
ments when said ?rst and second lengths are passed 
through said one loop, said knotting elements having a 
?rst position wherein said mouths are open to receive 
said segments and a second position wherein said 
months are closed to non-releasably grasp said seg 
ments. 

14. A suture supply as recited in claim 13 wherein said 
knotting elements are immovably secured to said ?rst and 
second lengths at spaced locations therealong. 

15. A suture supply as recited in claim 13 wherein each of 
said knotting elements includes opposed jaws spring biased 
to contact each other. 

16. A suture supply as recited in claim 13 wherein said 
knotting elements are slidably canied on said ?rst and 
second lengths. 

17. A suture supply as recited in claim 13 wherein said 
?rst and second lengths pass entirely through at least some 
of said knotting elements. 

18. A suture supply comprising 
a ?rst length portion and a second length portion of 

?lamentous suture material, said ?rst and second length 
portions having end portions connected to one another; 
and 

a knotting element connected between said ?rst and 
second length portions proximally of said end portions 
to form a contractible loop de?ned by said ?rst and 
second length portions and said knotting element, said 
knotting element having at least one attachment site at 
which segments of said ?rst and second length portions 
are secured to said knotting element and at least one 
grasping site for grasping other segments of said ?rst 
and second length portions to tie a stitch formed when 
said other segments are passed through said loop and 
said ?rst and second length portions are tensioned to 
contract said loop, said kno?ing element including a 
member having a plurality of coils, said member being 
movable from a ?rst position wherein said coils are 
disposed close to one another to a second position 
wherein said coils are disposed further away from one 
another to receive said other segments between said 
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coils, said member being movable from said second 
position back to said ?rst position to non-releasably 
grip said other segments between said coils. 

19. A method of suturing tissue comprising the steps of 
providing ?rst and second length portions of ?lamentous 

suture material carrying a knotting element connecting 
?rst segments of the ?rst and second length portions 
with one another and a needle coupled with the ?rst and 
second length portions to form a contractible loop with 
the suture material extending from the needle to the 
lmotting element and back to the needle; 

penetrating the tissue with the needle from an entry point 
to an exit point to pass the ?rst and second length 
portions through the tissue; 

passing second segments of the ?rst and second length 
portions exiting the tissue at the exit point through the 
loop to form a stitch segment extending from the 
knotting element through the tissue and back to the 
knotting element; 

positioning the second segments in an opening of the 
knotting element, said opening comprised of opposed 
surfaces spaced from one another de?ning a mouth 
therebetween, with the mouth in an open position; 

tightening the stitch segment to a desired tension with the 
second segments positioned in the mouth of the lmot 
ting element with the mouth in the open position; and 

plastically deforming the knotting element to move the 
mouth to a closed position to grasp the second seg 
ments with the knotting element and form a knot for the 
tightened stitch segment. 

20. A method of forming a stitch in anatomical tissue 
comprising the steps of 

providing a ?rst length portion and a second length 
portion of ?lamentous suture material carrying a knot 
ting element connecting a ?rst segment of the ?rst 
length portion with a ?rst segment of the second length 
portion to form a contractible loop de?ned by the ?rst 
and second length portions and the knotting element; 

positioning the ?rst and second length portions around 
tissue without passing the ?rst and second length 
portions through the tissue; 

passing a second segment of the ?rst length portion and a 
second segment of the second length portion through 
the loop to form a stitch extending from the knotting 
element around the tissue and back to the knotting 
element; 

positioning the second segments in an opening of the 
knotting element, said opening comprised of opposed 
surfaces spaced from one another de?ning a mouth 
therebetween, with the month in an open position; 

tightening the stitch to a desired tension with the second 
segments positioned in the mouth of the knotting 
element with the mouth in the open position; and 

closing the mouth of the knotting element to non 
releasably grasp the second segments to secure the 
stitch. 


